Introduction
The anatomic and functional continuity of upper and lower airways is responsible for the frequent coexistence of sinonasal and lung diseases, primarily rhinitis and bronchial asthma. 1 While the association between COPD and systemic extrapulmonary effects is well recognized, [2] [3] [4] [5] the link between rhinitis and COPD is still unclear, although several studies suggest an association. 6 Experimental studies have demonstrated that cigarette smoke, the main risk factor for COPD, can damage nasal epithelial cells and reduce mucociliary clearance. [6] [7] [8] In smokers, the inflammatory processes in both nasal and bronchial biopsies are similar, characterized by an infiltration of CD8-positive T lymphocytes associated with an increased number of neutrophils in patients with COPD or eosinophils in those with chronic bronchitis. and blockage predicted the incidence of chronic bronchitis/ emphysema.
Clinical studies have demonstrated that a high percentage of patients with COPD, ranging from 42% to 88%, report chronic nasal symptoms. [14] [15] [16] Hens et al 17 and Piotrowska et al 18 assessed nasal symptoms through validated questionnaires such as Sinonasal Outcome Test (SNOT 22) and an 11-point Sino-Nasal Assessment Questionnaire and recorded higher nasal endoscopic signs of inflammation in COPD patients compared with the control group. Finally, Klemence et al observed that the diagnosis of rhinosinusitis was more frequent in COPD patients when paranasal sinus computed tomography criteria were used instead of clinical criteria. 19 Chronic nasal symptoms impair the quality of life and the degree of dyspnea in patients with COPD, assessed through the validated questionnaires St George's Respiratory questionnaire (SGRQ) and modified Medical Research Council (mMRC) dyspnea scale. 15, 19 However, studies investigating the effect of treatment of chronic rhinitis symptoms on COPD quality of life have never been performed.
Topical nasal corticosteroids are recommended by the current guidelines in patients affected by both allergic and non-allergic rhinitis in the presence of moderate/severe persistent symptoms. 20, 21 The aim of the study was to evaluate the impact of 2 months of rhinitis treatment with nasal budesonide on COPD quality of life, measured through COPD assessment test (CAT).
Patients and methods study population
This was an observational study evaluating the impact of 2 months of treatment with inhaled nasal budesonide (100 µg per nostril twice daily) on the quality of life of COPD patients with persistent rhinitis, already on therapy for COPD in accordance with the Global initiative for chronic Obstructive Lung Disease (GOLD) recommendations. 22 The primary end point of the study was variation of CAT score from the baseline; the secondary end points were the variations of dyspnea, evaluated by the mMRC dyspnea scale, sinonasal symptoms, evaluated through the questionnaire SNOT 22, and airway obstruction as indicated by the spirometric parameters forced expiratory volume 1 second (FEV 1 ), forced vital capacity (FVC), and FEV 1 /FVC from the baseline.
Patients were consecutively enrolled between January 2016 and December 2016 at the Outpatient Unit of the Department of Cardio-Thoracic and Respiratory Sciences, University of Campania "L. Vanvitelli", Monaldi Hospital, Naples.
The diagnosis of COPD and disease classification were determined in accordance with the GOLD recommendations. 22 The diagnosis of persistent rhinitis was made in the presence of nasal symptoms (sneezing, nasal discharge, nasal obstruction, post-nasal drip, dense nasal secretions) for .8 weeks.
The inclusion criteria were as follows: age $45 years, smokers or ex-smokers of at least 20 pack-years, FEV 1 /FVC ,70% after four puffs of salbutamol 100 µg, and therapy for COPD according to the GOLD guidelines for at least 3 months.
The exclusion criteria were as follows: recent respiratory infections, common cold, or COPD exacerbations in the last 4 weeks; other concomitant lung diseases (bronchial asthma, cancer, tuberculosis, diffuse interstitial lung diseases) or severe cardiac diseases; and therapy with anti-histamine anti-H 1 , systemic or nasal corticosteroids, nasal decongestants, or long-term oxygen therapy.
Patients underwent three visits: at enrollment (visit 0), and after 1 month (visit 1) and 2 months (visit 2) of therapy with nasal budesonide 100 µg in each nostril twice daily. At visit 0 and visit 1, patients received budesonide nasal spray (Aircort ® 100 µg, kindly supplied for the study by the company ITALCHIMICI SpA, Pomezia (RM), Italy).
At visit 0, full medical history was recorded and medical examination carried out. In particular, cigarette smoking status, the number of COPD exacerbations in the previous 2 years (defined in accordance with the GOLD recommendations), and comorbidities such as heart disease, diabetes, and obstructive sleep apnea, in addition to ongoing treatments for COPD were recorded.
All patients underwent skin prick tests with a standard series of inhaled allergens; patients with positive or negative skin prick test were defined "allergic" or "non-allergic" subjects, respectively.
Rhinolaryngoscopy was performed using a fiberscope with an external diameter of 4 mm (Olympus) in order to evaluate the presence of turbinate hypertrophy, nasal polyps, nasal discharge, and nasal hyperemia. Patients with purulent nasal discharge received antibiotic therapy and their enrollment was delayed to 1 month after the end of therapy.
At visits 0, 1, and 2, patients underwent spirometry (model "Quark PTF", COSMED) before and after salbutamol 400 µg, according to the guidelines of the American Thoracic Society.
23 FEV 1 , FVC, and FEV 1 /FVC were measured and the best of three forced maneuvers was recorded. 24 
Questionnaires
At visits 0, 1, and 2 the following questionnaires were administered.
CAT is a scientifically validated questionnaire aimed at assessing the impact of COPD on the patient's health status. It consists of eight questions and each answer receives a score ranging from 0 (no impact) to 5 (the worst possible impact), with the maximum total score available being 40. Scores from 0 to 10, 11 to 20, 21 to 30, and 31 to 40 define a low, medium, high, and very high impact on patient's health status, respectively. The minimum clinically important difference in CAT score is 2 points. [25] [26] [27] [28] SNOT 22 questionnaire rates 22 different symptoms from 0 (no problem) to 5 (problem as bad as it can be) related to six domains: rhinological, ear, facial, general, physical, and psychological domains. The total score relative to the rhinological, ear, and facial subdomains was also evaluated because the comparison of the scores of each subdomain can improve the precision of the questionnaire. 29, 30 The mMRC dyspnea scale is a simple grading system that assesses the degree of disability caused by dyspnea in specific daily activities. It ranges from 0 to 4 and is well correlated with the quality of life and prognosis of patients with COPD.
31-33 statistical analysis
Sample size was calculated considering difference in CAT score as the primary outcome. A sample size of 52 patients achieves 81% power to detect a mean of paired differences of 0.4 in terms of effect size using a two-sided paired t-test with a significance level of 5%. Continuous variables were represented as mean and SD or median and interquartile range if data were non-normally distributed, whereas categorical variables were represented as number and percentage. Differences in continuous variables, after 2 months of treatment with nasal budesonide, were evaluated using a paired t-test or Wilcoxon matched-pairs signed-ranks test as indicated. The role of categorical variables, such as smoking status, allergy, and exacerbations, on the questionnaires' score changes was evaluated, after controlling for baseline value, using an analysis of covariance. The score of each single item of CAT and SNOT 22 questionnaire was categorized, for further analysis, in two different ways: 1) as $1 indicating all patients who answered at least one and had symptoms and 2) as $4 indicating all patients who answered at least four and had severe symptoms. McNemar's test (pre-post on paired dichotomous variables) was used to assess the effect of treatment on each categorized item. Spearman's rank correlation test was used to determine the relationships between CAT and SNOT 22 score before and after 2 months of treatment. All tests were two-tailed, and a p-value ,0.05 was considered statistically significant. Data were analyzed using R software 3.3.1 (R foundation for Statistical Computing, Vienna, Austria).
ethics approval and consent to participate
The study was approved by the institutional review board of Seconda Università degli studi di Napoli-Azienda Ospedaliera Universitaria S.U.N. -A.O.R.N. "Ospedali dei Colli".
Results
During the study, 53 patients were enrolled and 4 discontinued the study for personal reasons. The baseline characteristics of the 49 patients who completed the study are shown in Table 1 . None of the COPD patients showed FEV 1 reversibility criteria after treatment with 400 µg salbutamol. No patient experienced exacerbations within 8 weeks before enrollment, and no modification of COPD therapy was made within the study period. Among the allergic COPD patients, one was allergic to only pollens while the others were sensitized to either dust mites (five patients) or dust mites and pollens (four patients).
Two months of treatment with nasal budesonide showed a significant statistical improvement in the total score of all the questionnaires in the study: CAT, SNOT 22, and mMRC.
Most of the patients (82%) reached the minimum clinically important difference in CAT score, that is, 2 points. Also, 59% of 22 patients with a medium impact on the health status (CAT score 11-20) achieved a low impact (CAT score 0-10) and 60% of 15 patients with a high impact (CAT score 11-20) achieved a medium impact. Among the items of the SNOT 22 questionnaire, those related to the rhinological, ear, and facial subdomains were the most frequently impaired in patients with COPD and their total score significantly improved after nasal budesonide treatment ( p,0.001). However, the treatment did not significantly change the pre-bronchodilator spirometric parameters FEV 1 , FVC, and FEV 1 /FVC (Table 2) .
When the study population was divided into subgroups according to baseline criteria, smoking status, history of , nasal budesonide treatment showed a consistent efficacy pattern across the subgroups. The score improvement for each questionnaire, after controlling for score at enrollment, was independent of these baseline criteria and there was no statistical difference among the subgroups (Figure 1) .
According to the answers given to the CAT questions, the symptoms more frequently reported (score $1) and more disabling (score $4) for patients with COPD were breathlessness when walking (question 4), followed by cough, mucus in the chest, and limitation performing activities (question 1, 2, and 5, respectively). All these symptoms significantly improved following the addition of nasal budesonide to the ongoing treatment of COPD (Table 3 ).
All nasal symptoms (questions 1-8 of SNOT 22) improved after nasal budesonide treatment in terms of frequency or intensity. Post-nasal discharge was the symptom more frequently reported (score $1) and disabling (score $4) for COPD patients (Table 4) .
A significant relationship was observed between CAT total score and SNOT 22 total score at baseline and between the changes in both questionnaires' scores due to the addition of inhaled nasal budesonide to the ongoing treatment for COPD. No significant relationship was observed between SNOT 22 total score and FEV 1 at baseline and between the changes of SNOT 22 total score and FEV 1 after nasal therapy (Figure 2 ).
Discussion
The results of the present study demonstrate, for the first time, the effectiveness of add-on treatment with nasal budesonide in improving the health status of patients affected by COPD and persistent rhinitis already on therapy according to the GOLD recommendations.
In addition to the impact on CAT score, 8 weeks of therapy with nasal budesonide improved the degree of dyspnea and symptoms of rhinitis, assessed through the mMRC dyspnea scale and the SNOTT 22 questionnaire, respectively. On the contrary, nasal budesonide did not change airway function impairment.
Despite progress in COPD therapy, 34 recent studies demonstrate that a significant proportion of patients remain symptomatic and the presence of symptoms in any part of the day is associated with a worst quality of life, measured 
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nasal budesonide and COPD with coexistent rhinitis through the CAT questionnaire. 35, 36 In accordance with our data, Miravitlles et al observed that dyspnea, evaluated by the mMRC scale, is the most frequent symptom being reported by .70% of COPD patients, followed by coughing and bringing up phlegm or mucus; symptomatic COPD patients have worse anxiety and depression levels and sleep quality compared with patients without symptoms. 36 For this reason, the results of this study, showing an improvement of COPD symptoms and quality of life following the treatment of rhinitis comorbidity, takes on a particular clinical relevance. Although .50% of our COPD patients were on treatment with ICS added to either LABA and LABA/LAMA for at least 6 months, they exhibited chronic nasal symptoms, allowing us to exclude a crossover effect of ICS on nasal symptoms. It is very important to highlight that none of the COPD patients enrolled in the study were aware of their nasal symptoms and they had never performed either a nose, ear, and throat visit with rhinoscopy or skin prick tests. Upper airway symptoms are often undervalued by COPD patients and are therefore undertreated. In the present study, use of the validated screening questionnaire for rhinitis, SNOT 22, may have increased the detection of the comorbidity, as has been shown in patients with difficult asthma. 37 In addition, Hurst et al demonstrated that upper airway involvement in COPD patients could be detected through quality of life tools specific for the assessment of rhinosinusitis, such as SNOT 20, but not by questionnaires such as SGRQ focused on lower respiratory tract symptoms. 16 However, Caillaud et al observed that rhinitis comorbidity severely impacts the quality of life of COPD patients, showing an independent association between chronic nasal symptoms and the activity score at the SGRQ. 14 In the present study, the health status of COPD patients was evaluated through CAT that, in comparison with the SGRQ, is more practical to use and shares similar psychometric 
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Calabrese et al properties. 25 CAT has been shown to be sensitive enough to evaluate changes in health status associated with treatments for COPD. 26 The involvement of upper airways in COPD patients has been investigated by several authors, and overall, these studies have shown that a high percentage of patients with COPD have symptoms consistent with persistent rhinitis. 6 Our results, demonstrating a significant association between SNOT 22 and CAT scores, both at baseline and after 2 months of treatment with inhaled budesonide, highlight the interaction between the upper and lower airways in COPD.
Whether a correlation between nasal symptoms and FEV 1 does exist still remains controversial. Indeed, Roberts et al did not find any relationship between nasal symptoms and FEV 1 values, 15 while Hurst et al demonstrated a correlation between the degree of nasal airway obstruction, measured by acoustic rhinometry, and the impairment to pulmonary airflow, measured by spirometry. 38 In this study, we did not find either an association between FEV 1 and SNOT 22 symptoms score at baseline or an improvement of the airway function impairment after the administration of nasal budesonide, although to achieve definitive results, long-term studies should be performed.
The mechanism by which nasal budesonide therapy can improve the symptoms of COPD is unknown. In patients with bronchial asthma, a recent meta-analysis showed that treatment of allergic rhinitis with nasal steroids significantly improves functional and clinical asthma outcomes. 39 Nasal steroids have been shown to be effective not only in allergic rhinitis but also in inflammatory and non-inflammatory cell phenotypes of non-allergic rhinitis, although to a lower degree. 40 Cellular characteristics of rhinitis in COPD have not been extensively investigated. It is conceivable that in COPD patients, treatment of coexistent rhinitis with nasal steroids could lead to improvement of symptoms associated with lower airways, despite steroid insensitivity shown by most of them. There is a need to understand whether nasal steroids are able to restore air conditioning functions of the nose, alleviate upper/lower airway reflex, and reduce the aspiration of nasal secretions as well as reabsorption of inflammatory mediators in rhinitis associated with COPD. In comparison with other nasal steroids, such as fluticasone, a recent study demonstrated that budesonide, an ICS with potent anti-inflammatory activity, 41 forming esters in the human nasal mucosa, is retained in the nasal mucosa to a greater extent. 42 Although the present study has several limitations including the lack of a placebo-controlled study arm, our findings demonstrated the real-life impact of treatment of rhinitis in COPD patients for the first time. A longer placebo-controlled study is required to clearly define the relevance of the nasal inflammatory process in COPD patients and the effects of nasal corticosteroid treatment on other important clinical end points such as frequency of exacerbations of COPD.
Conclusion
The results of the present study support the importance of careful evaluation of the presence of chronic nasal symptoms in all COPD patients, considering the beneficial effect of treatment with nasal budesonide on COPD symptoms and quality of life.
Data sharing statement
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